Background {#s1}
==========

The number of subjects with gender dysphoria has been increasing in recent years, and some of them have been treated with hormone replacement treatment and/or surgery. Accordingly, clinical practice guidelines were provided for hormone therapy in subjects with gender dysphoria or transsexualism ([@B1]). In general, male-to-female transsexual subjects are treated with estrogens, anti-androgens, and a GnRH agonist for a long period of time. However, few studies have compared hormone levels between before and after long-term estrogen replacement therapy for gender dysphoria ([@B2]). Most other studies have not even measured cortisol levels after estrogen replacement therapy and thereby it remains unknown whether various hormone levels are actually altered or not after such hormone replacement therapy.

In general, it is known that cortisol levels increase with age in women. In addition, cortisol levels in premenopausal woman are lower compared to those in men at the same age ([@B3]). After menopausal transition, cortisol levels are increased in women ([@B4]). Previously, several studies have shown that oral estrogen replacement therapy increased total cortisol levels in women ([@B5], [@B6]), although some reports did not show such differences ([@B7]). It was reported that after male-to-female transsexual reassignment surgery, cortisol levels were not markedly altered, although androgen levels were reduced ([@B8]). In other words, it seemed that reduced androgen levels did not change cortisol levels in subjects with male-to-female transsexual reassignment surgery.

In this report, however, we show a case of periodically elevated ACTH and cortisol levels related to estradiol valerate injection in a male subject with gender dysphoria.

Case Presentation {#s2}
=================

A 31-year-old man with a 5-year history of hormone replacement treatment for gender dysphoria was referred to Kawasaki Medical School due to the elevation of serum cortisol levels. She started hormone therapy at 26 years old with oral drugs (conjugated estradiol or estrogens), although she did not undergo male-to-female transgender surgery. Recently, she has repeatedly received 10 mg estradiol valerate therapy every 3 weeks. Upon physical examination, she exhibited no remarkable change, which is often observed in Cushing\'s syndrome, and she had no subjective symptoms related to such a disease. Her height and body weight were 170.0 cm and 59.0 kg. Her vital signs were: heart rate 80 beats/min; blood pressure 129/70 mmHg; body temperature 37.2°C. Laboratory data were as follows: white blood cell count, 5,130 μL (neutrophil 46.6%, eosinophil 2.1%, and lymphocyte 42.5%); red blood cell count, 409 × 10^4^/μL; hemoglobin, 12.9 g/dL; platelet, 19.9 × 10^4^/μL; Na, 138 mmol/L; K, 3.9 mmol/L. Renal and liver function was within normal range. Laboratory analyses (11 days after estradiol valerate treatment) showed that this patient had an elevation of plasma ACTH, serum cortisol (ACTH, 139.6 pg/mL; cortisol, 38.8 μg/dL; DHEA-S, 135 μg/dL), and hyperprolactinemia (PRL, 49.8 ng/mL) as well as elevated estradiol levels (E2, 99 pg/mL) and hypogonadism (LH, 1.16 mIU/mL; FSH, 0.96 mIU/mL; testosterone, 0.8 pg/mL). We think that most of the changes were presumably due to the effect of estradiol valerate treatment as this examination was performed 11 days after the estradiol valerate injection and the estradiol level was actually elevated. Although we failed to compare ACTH and/or cortisol levels between before and after estradiol valerate treatment, ACTH and cortisol levels after the treatment were markedly higher compared to the reference range. There were no remarkable changes in the adrenal gland upon abdominal computed tomography and pituitary gland upon pituitary magnetic resonance imaging. ACTH, cortisol, PRL, and E2 were measured with electro chemiluminescence immunoassay (ECLIA) (SRL, Inc., Tokyo, Japan). DHEA-S was measured with chemiluminescent enzyme immunoassay (CLEIA) (SRL, Inc., Tokyo, Japan). LH and FSH were measured with chemiluminescent Immunoassay (CLIA) (SRL, Inc., Tokyo, Japan).

We examined the hormone level profile under resting and fasting conditions during two course treatments with estradiol valerate injection. She visited our office at 8 am under fasting conditions and we drew blood sampling for a blood test after resting for 30 min on the bed. In course 1, estradiol level was detected 14 days after the injection (11 pg/mL) but was not detected 21 days later. Since estradiol level in this subject was not detected before the treatment in course 2 ([Table 1](#T1){ref-type="table"}), it seemed that the detected estradiol level (11 pg/mL) was influenced by estradiol valerate injection. ACTH and cortisol levels tended to be higher 21 days after the treatment (51.5 pg/mL and 32.4 μg/dL) compared to 14 days (45.0 pg/mL and 31.6 μg/dL). Thus, it seemed that ACTH and cortisol levels were influenced by estradiol valerate treatment and that there might be some time lag between the increase of estradiol level and the subsequent increase of ACTH and cortisol levels. In course 1, however, we failed to examine estradiol, ACTH, and cortisol levels before the treatment, and the change of ACTH and cortisol levels was not large enough.

###### 

Hormone level profile before and after estradiol valerate injection.

  -------------------------------------------------------------------------------------------
  **Serum hormone level**   **Before estradiol**\    **7 days after**\   **18 days after**\
                            **valerate injection**   **the injection**   **the injection**
  ------------------------- ------------------------ ------------------- --------------------
  ACTH (pg/mL)              51.5                     28.3                85.4

  Cortisol (μg/dL)          32.4                     28.3                38.9

  LH (mIU/mL)               9.83                     7.26                5.90

  FSH (mIU/mL)              8.48                     2.31                4.67

  Estradiol (E2) (pg/mL)    0                        276                 0

  Progesterone (ng/mL)      0.31                     0.24                0.39

  Testosterone (pg/mL)      5.7                      2.9                 3.2

  Prolactin (ng/mL)         21.02                    21.78               40.39
  -------------------------------------------------------------------------------------------

In order to examine the possible association of hormone replacement therapy with elevated ACTH and cortisol levels, therefore, we next precisely measured ACTH and cortisol levels under resting and fasting conditions before and after estradiol valerate treatment. As shown in [Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}, estradiol level in this subject was not detected at all before estradiol valerate injection (0 pg/mL), but it was markedly elevated 7 days after the injection (276 pg/mL) and was not detected again at all 18 days later (0 pg/mL). ACTH and cortisol levels in this subject were 51.5 pg/mL and 32.4 μg/dL, respectively, before estradiol valerate injection. ACTH and cortisol levels were moderately decreased 7 days after estradiol valerate injection (28.3 pg/mL and 28.3 μg/dL, respectively), and, interestingly, both of them were markedly elevated 18 days after such treatment (ACTH, 84.5 pg/mL; cortisol, 38.9 μg/dL) ([Figure 1](#F1){ref-type="fig"}). In addition, as shown in [Table 1](#T1){ref-type="table"}, the prolactin level was also increased 18 days after estradiol valerate treatment (21.02--40.39 ng/mL), suggesting the possibility that estrogen therapy influences pituitary gland function. In order to examine the possible cause of elevated ACTH and cortisol levels in more detail, we tried to perform various tests, including the Dexamethasone load test and corticotropin-releasing hormone tolerance test, but this subject hesitated to continue such hormone therapy with estradiol valerate because of the appearance of a symptom similar to menopause. In addition, there were no remarkable changes in the adrenal gland upon abdominal computed tomography and pituitary gland upon pituitary magnetic resonance imaging. Therefore, we observed her without additional tests in accordance with her wishes.

![Time course of hormone level profile under resting and fasting conditions before and after 10 mg of estradiol valerate injection. White circle, estradiol; pink circle, cortisol; blue circle, ACTH.](fendo-10-00751-g0001){#F1}

Discussion and Conclusions {#s3}
==========================

In this report, we showed the time course of ACTH and cortisol levels after estradiol valerate injection in a male subject with gender dysphoria. As shown in [Figure 1](#F1){ref-type="fig"}, it seemed that alteration of estradiol levels influenced ACTH and cortisol levels via some pathway. Finally, ACTH and cortisol levels were markedly increased after estradiol valerate treatment. To the best of our knowledge, this is the first report showing the time course of ACTH and cortisol levels after estrogen replacement therapy in a subject with gender dysphoria. Interestingly, there was some time lag between the increase of estradiol level and the subsequent increase of ACTH and cortisol levels. Although its precise mechanism remains unknown, we assume that such a time lag is, at least in part, induced by the metabolic rate of estradiol. It is possible that a metabolite of estradiol influenced ACTH and cortisol levels. In addition, since estrogen is originally a female hormone, a high concentration of estrogen might exert some undesirable effects in male subjects compared to female ones.

There are several possible mechanisms that can explain how ACTH and cortisol levels were increased after estradiol valerate treatment. One possibility is that estrogen therapy directly or indirectly influenced ACTH secretion from the pituitary gland, which facilitated cortisol secretion from the adrenal gland. It is known that in pregnant women the hypothalamic-pituitary-adrenal (HPA) axis is activated and hypercortisolism is observed ([@B9], [@B10]). In situations of pregnancy, therefore, elevated estradiol levels might be, at least in part, associated with HPA axis activity and elevated cortisol levels. Moreover, in general, estradiol levels are higher in the luteal phases rather than in the follicular phases, and cortisol levels are higher in the follicular phases rather than in the luteal phases ([@B11], [@B12]). Therefore, it is possible that there is some time lag between the increase of estradiol level and the subsequent increase of ACTH and cortisol levels. Furthermore, HPA axis activity might have something to do with sex-specific effects. The HPA axis is influenced by various body stress responses, and it is noted that the sex difference is observed in this HPA axis system ([@B13]). The HPA axis in females initiates more rapidly and produces a greater output of stress hormones, and estrogens decrease HPA activity in adult women. HPA axis activity through the brain and peripheral signals is sex-specific in many cases. It is likely that ovarian steroids have some effects on HPA function as ovarian steroid receptors are widely expressed in female brain regions that regulate both direct and indirect activation and negative feedback of the HPA axis ([@B14]).

Indeed, in this case, the prolactin level was increased by estrogen therapy, suggesting the possible effect of estrogen on the pituitary gland. However, since it is known that the prolactin level was increased by various kind of medications, we cannot deny the possibility that the increase of the prolactin level in this subject was simply a side effect of the estradiol valerate. Therefore, it would be necessary to perform some other experiments in order to demonstrate how ACTH and cortisol levels are augmented by estrogen therapy. Another possibility is that elevated estradiol suppressed transcription of 11-β hydroxysteroid dehydrogenase (11-β HSD), which is known to regulate intracellular cortisol production and affect the local organization, such as the liver and adipose tissue. It is possible that, if local cortisol levels are decreased in the pituitary and/or hypothalamus via the above pathway, ACTH levels are increased by decreased cortisol level ([@B15]). However, there is evidence that estrogen influences 11B-HSD ([@B16], [@B17]), and it remains unclear how ACTH and cortisol levels were increased after estradiol valerate treatment.

There is a limitation in this case report. This subject had symptoms similar to menopause with interruption of therapy and thus hesitated to continue such hormone therapy with estradiol valerate. We therefore failed to perform a Dexamethasone load test and to measure free cortisol and CBG levels, and we measured DHEA-S levels only once. In addition, since she had no symptoms related to Cushing\'s syndrome, it is possible that elevated ACTH and cortisol were biologically inactive.

Taken together, we should bear in mind the possibility of elevation in plasma ACTH and serum cortisol levels when we start estradiol valerate injection in subjects with gender dysphoria. Moreover, although long-term therapy with estradiol valerate is necessary for gender dysphoria, long-term side effects of estrogen therapy remain unknown. Therefore, it would be safer to check ACTH and cortisol levels regularly, even in subjects without symptoms related to Cushing\'s syndrome, especially when we use estrogen replacement therapy for a long period of time in subjects with gender dysphoria. It is needless to say that when subjects receiving estrogen therapy have symptoms related to Cushing\'s syndrome we should check ACTH and cortisol levels immediately.
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